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Abstract
Quantum Field Theory (QFT) developed in Rindler space-time
and its thermal properties are analyzed by means of quantum groups
approach. The quantum deformation parameter, labelling the unitar-
ily inequivalent representations, turns out to be related to the accel-
eration of the Rindler frame.
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1 Introduction
In recent years there have been remarkable progresses and growing interest
in two fields of research: quantum gravity and quantum groups (q-groups).
Although many attempts have been made to quantize gravity, a satisfac-
tory and definitive theory still does not exist. As well known indeed, one of
the most discussed problems is the non-renormalizability of General Relativ-
ity (GR), or its various generalizations, when quantized as a local quantum
field theory. In the absence of a theory of quantum gravity, one can try to
analyze quantum aspects of gravity by studying QFT in curved space-time,
namely by studying the quantization of matter fields in the presence of the
gravitational field as a classical background described by GR.
An important result in this approach has been the discovery by Hawking
that quantum effects can lead to thermal evaporation of black holes [1]. Ow-
ing to this result, different background space-times have been investigated,
putting special attention to the Rindler space-time, associated with an uni-
formly accelerated observer in Minkowski space-time. Davies [2] and Unruh
[3] have shown that the vacuum state for an inertial observer is a canoni-
cal ensemble for an uniformly accelerated observer (Rindler observer). The
temperature characterizing this ensemble is related to the acceleration of the
observer by the relation
T =
a
2π
(1.1)
in units h¯ = c = kB = 1. This result is known as thermalization theorem
(for a review, see [4]). We note that the replacement of the acceleration
with the surface of gravity of a black hole leads to the Bekenstein-Hawking
temperature.
The purpose of this paper is to show the formal connection between ther-
malization theorem and q-groups. Such a connection will be established by
means of the generator of Bogoliubov transformations expressed in terms of
quantum deformation operators of the Weyl-Heisenberg (q-WH) algebra.
One feature of physical interest which emerges from our analysis is that
the quantum deformation parameter is related to the Rindler acceleration;
hence, for the equivalence principle, to the static gravitational field. From
this result follows that the quantum deformation can be induced by the
gravitational background. Such a conclusion, although in a different context,
has been also observed in Ref. [5].
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Besides, as we will show, the Rindler acceleration labels the unitarily
inequivalent representations of the canonical commutation relations. The
existence of the unitarily inequivalent representations plays a crucial role in
the quantization of matter fields in curved space-time [6] and in our case, in
the quantization of a free scalar field in the Rindler manifold.
Here we will not present and discuss the properties of q-groups, being well
studied in the literature. We recall only that q-groups are examples of quasi-
triangular Hopft algebra [7]. More specifically, q-groups are the deformation
of the universal enveloping algebra of a finite-dimensional semi-simple Lie
algebra. Due to its richer structure than that of Lie groups, q-groups provide
a powerful mathematical tool in different topics of modern physics: quantum
optics [8], quantum dissipation [5], gauge field theory [9], quantum gravity
[10, 11], etc.
The layout of this paper is the following. In Section 2 we review the salient
points of the thermalization theorem in order to make more transparent its
connection with q-groups. In Section 3 we present, for one degree of freedom,
a realization of the quantum deformation of Weyl-Heisenberg algebra in term
of finite difference operator over the set of entire analytical functions [12].
Finally, in Section 4, we generalize the results of Section 3 to the case of
infinite degrees of freedom in order to establish the formal relation between
thermalization theorem and q-groups. Section 5 is devoted to the conclusions.
In this paper we do not study the role of the coproduct operation, nor
do we investigate the superalgebra features of q-WH algebra in connection
with QFT in Rindler space-time. Such an analysis needs further and deeper
formal investigation, which goes beyond the task of present paper (concerned
mainly to displaying the relation between the Rindler acceleration and the
q-deformation parameter) and which we plan for future work.
2 Thermalization Theorem
In this Section, we shall briefly discuss the derivation of the relation between
the inertial and accelerated description of free quantum fields in flat space-
time. We shall treat the case of a complex massive scalar quantum field φ(x)
in n-dimensional Minkowski space-time.
In the accelerated frame it is customary to use the Rindler coordinates
(η, ξ, ; ~xR) which are related to Minkowski coordinates (x
0, x1; ~xM) by trans-
2
formations
x0 = ξ sinh η, x1 = ξ cosh η, ~xM = ~xR = (x
2, . . . , xn−1). (2.1)
The world line of a uniformly accelerated observer is described by ξ =
const. Its acceleration is (x¨µx¨µ)
1/2 = ξ = a−1 and its proper time τ is
proportional to the Rindler time η, η = aτ . The Rindler coordinates cover
only two regions of the Minkowski space: the Rindler wedge R+ = {x|x1 >
|x0|} and the wedge R− = {x|x1 < −|x0|}.
The field φ(x) is solution of Klein-Gordon equation (✷ + m2)φ(x) = 0,
where ✷ = (−g)−1/2∂µ(√−ggµν∂ν).
In the Minkowski space, the quantized field φ(x) can be decomposed in
Minkowski modes {Uk(x)} (k = (k1, ~k))
φ(x) =
∫
dn−1k [akUk(x) + a¯
†
kU
∗
k (x)] . (2.2)
The set {Uk} forms (with respect to the Klein-Gordon inner product) an
orthonormal basis; ak and a¯
†
k operators satisfy the canonical commutation
relations
[ak, a
†
k′] = [a¯k, a¯
†
k′] = δ(k1 − k′1)δ(~k − ~k′). (2.3)
All other commutators are zero.
The Hamiltonian operator reads HM =
∫
dn−1k ωk (a
†
kak + a¯ka¯
†
k), where
ωk =
√
k21 + |~k|2 +m2. The operators ak, a¯k and a†k, a¯†k are interpreted,
respectively, as annihilation and creation operators for the states of the
Fock space constructed from the Hilbert space of Minkowski modes. The
Minkowski vacuum, denoted |0M >, is defined by
ak|0M >= a¯k|0M >= 0, ∀ k . (2.4)
In the Rindler coordinates, the quantization of the scalar field follows the
same prescription of the Minkowski case [13]. The quantum field is expanded
in terms of Rindler modes {u(σ)k (x), σ = ±} (k = (Ω, ~k))
φ(x) =
∫ ∞
0
dΩ
∫
dn−2k
∑
σ
[b
(σ)
k u
(σ)
k (x) + b¯
(σ)†
k u
(σ)∗
k (x)], (2.5)
The set {u(σ)k } is an orthonormal basis in the wedge Rσ. The canonical
commutation relations are
[b
(σ)
k , b
(σ′)†
k′ ] = [b¯
(σ)
k , b¯
(σ′)†
k′ ] = δσσ′δ(Ω− Ω′)δ(~k − ~k′) . (2.6)
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All other commutators are zero. The Hamiltonian operator is HR = H
(+)
R −
H
(−)
R , with
H
(σ)
R =
∫ ∞
0
dΩ
∫
dn−2kΩ
[
b
(σ)†
k b
(σ)
k + b¯
(σ)
k b¯
(σ)†
k
]
. (2.7)
In analogy to Minkowski case, b
(σ)
k , b¯
(σ)
k and b
(σ)†
k , b¯
(σ)†
k are interpreted respec-
tively, as annihilation and creation operators for the states of the Fock space
constructed from Hilbert space associated to Rindler modes. The Rindler
vacuum, |0R >= |0(+) > ⊗|0(−) >, is defined by
b
(σ)
k |0R >= b¯(σ)k |0R >= 0, ∀σ, k . (2.8)
Note that the proper energy of Rindler particles seen by an accelerated ob-
server is not Ω, but aΩ = ω˜, because Rindler modes depend on time as
e−iΩη = e−i(aΩ)τ . Keeping in mind this point and equating the two expres-
sions for the field φ(x), Eqs. (2.2) and (2.5), one obtains the Bogoliubov
transformations
b
(σ)
k =
√
1 +N(ω˜/a) d
(σ)
k +
√
N(ω˜/a) d¯
(−σ)†
k˜
, (2.9)
b¯
(−σ)†
k˜
=
√
N(ω˜/a) d
(σ)
k +
√
1 +N(ω˜/a) d¯
(−σ)†
k˜
, (2.10)
where k = (ω˜, ~k), k˜ = (ω˜,−~k), N(ω˜/a) = (e2πω˜/a−1)−1 and−σ = −(±) = ∓.
The operators d and d¯ are related to Minkowski operators a and a¯ by the
relation
d
(σ)
ω˜,~k
=
∫ +∞
−∞
dk1

 1√
2πωk
(
ωk + k1
ωk − k1
)iσω˜/2 ak1,~k, (2.11)
and analogous expression for d¯
(−σ)
k˜
. These operators annihilate the Minkowski
vacuum
d
(σ)
k |0M >= d¯ (−σ)k˜ |0M >= 0, ∀ σ, k, (2.12)
and satisfy the canonical commutation relations. Transformations (2.9) and
(2.10) will turn out to play a fundamental role in connection with quantum-
groups. Bogoliubov transformations and the ansatz |0M >= F (b†, b¯†)|0R >
(F is a function to be determined) allow to relate the Minkowski vacuum to
the Rindler vacuum
|0M >= Z exp
[∫ ∞
0
dω˜
∫
dn−2k
∑
σ
e−πω˜/ab
(σ)†
k b¯
(−σ)†
k˜
]
|0R > , (2.13)
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where Z is a normalization constant. The physical meaning of Eq. (2.13) is
that the Minkowski vacuum can be expressed as a coherent state of Cooper-
like pairs of quanta in the Rindler wedges R+ and R−. For an operator OR
localized in the Rindler wedge one finds < 0M |OR|0M >= tr(ρOR), where ρ
is the density matrix ρ = e−aHR/T/tre−aHR/T . HR is the Rindler Hamiltonian
and T = a/2π. From here the thermalization theorem follows.
Our purpose in this paper is to show that the generator of the Bogoliubov
transformations (2.9) and (2.10) can be expressed in terms of operators of
the q-WH algebra, thus establishing the link between thermalization theorem
and q-groups.
3 q-Deformation of the W-H Algebra
In this Section we shall focus our attention on the main features of the q-WH
algebra in terms of finite difference operator.
The Weyl-Heisenberg algebra is generated by the set of operators {α, α†, I}
[α, α†] = I, [N,α] = −α, [N,α†] = α† , (3.1)
with N = α†α and all other commutators equal to zero. The Fock space H is
generated by operating with α† on the vacuum |0 > (α|0 >= 0). The q-WH
algebra is generated by operators {αq, αˆq, Nq ≡ N, q ∈ C} [14]
[αq, αˆq] = q
N , [N,αq] = −αq, [N, αˆq] = αˆq . (3.2)
In the limit q → 1, αq → α, αˆq → α†. By following Refs. [5, 12], it is conve-
nient to work in the space F of analytic functions because in F the analytic
properties of the Lie algebra structure are preserved under q-deformation.
To this end, we will adopt the Fock-Bargmann representation [16] in which
the operators
α† → z, α→ d
dz
, N → z d
dz
, z ∈ C , (3.3)
provide a realization of the WH algebra (3.1). In this context, the space F
becomes isomorphic to H and has a well defined inner product. A generic
wave function ψ(z) is expressed as
ψ(z) =
∑
n
cnun(z) , un(z) =
zn√
n!
, z ∈ C, n ∈ N . (3.4)
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The set {un(z)} forms an orthonormal basis in F . The conjugation of the op-
erators is defined with respect to the inner product in F . In order to provide
a realization of the q-WH algebra in the Fock-Bargmann representation, let
us introduce the finite difference operator Dq (q-derivative operator) [12, 17],
defined as
Dqf(z) = f(qz)− f(z)
(q − 1)z =
qz
d
dz − 1
(q − 1)z f(z) , (3.5)
where f(z) ∈ F . Dq reduces to standard derivative in the limit q → 1. The
set of operators {z, d
dz
,Dq} satisfies the algebra
[Dq, z] = qz ddz , [z d
dz
,Dq] = −Dq, [z d
dz
, z] = z. (3.6)
In terms of the operators {αq, αˆq, Nq ≡ N}, with
N → z d
dz
, αˆq → z, αq → Dq, (3.7)
the finite difference operator algebra (3.6) becomes
[N,αq] = −αq, [N, αˆq] = αˆq, [αq, αˆq] = qN . (3.8)
The algebra (3.8) thus provide a realization of the quantum WH algebra.
Following Refs. [5, 12], the commutator [αq, αˆq] = q
N can be formally written
in F as
[αq, αˆq] =
√
q e
ǫ
2
(α2−α†2) ≡ √q S(ǫ), q ≡ eǫ, ǫ real. (3.9)
S(ǫ) generates the following transformation
α→ α(ǫ) = S(ǫ)αS−1(ǫ) = α cosh ǫ+ α† sinh ǫ , (3.10)
and its hermitian conjugate. We finally observe that S(ǫ) is an element of the
group SU(1, 1). In fact, by defining J− =
1
2
α2, J+ =
1
2
α† 2, J0 =
1
2
(α†α + 1
2
),
the su(1, 1) algebra is closed.
In the limit Im{z} → 0 the above Fock-Bargmann representation scheme
gives the Schro¨dinger representation [5].
Eq. (3.9) is the key relation for establishing the link between thermaliza-
tion theorem and q-WH algebra.
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4 Thermalization Theorem by q-Groups
In this Section the connection between q-groups and thermalization theorem
will be established. Such a connection is obtained by extending the q-WH
algebra, discussed in Section 3, from one degree of freedom to infinite degrees
of freedom. Therefore, some preliminary considerations will be useful.
As pointed out in Section 2, Rindler coordinates cover two disconnected
regions of the Minkowski space-time. Then for each Rindler wedge there are
two couples of annihilation and creation operators, one for particles and one
for anti-particles.
This suggests to apply results of Section 3 to the set of four operators,
(α(σ), β(σ)), σ = ±, such that α(σ)|0M >= β(σ)|0M >= 0 and satisfying the
canonical commutation relations
[α(σ), α(σ
′)†] = [β(σ), β(σ
′)†] = δσσ′ σ, σ
′ = ± . (4.1)
Repeating for such operators the procedure shown in Section 3 leading to
Eq. (3.9), one gets
[α(σ)q , αˆ
(σ)
q ] =
√
qe
ǫ
2
(α(σ)2−α(σ)† 2) ≡ √q S1(ǫ), q ≡ eǫ , (4.2)
α(σ) → α(σ)(ǫ) = S1(ǫ)α(σ)S−11 (ǫ) = α(σ) cosh ǫ+ α(σ)† sinh ǫ , (4.3)
[β
(σ)
q′ , βˆ
(σ)
q′ ] =
√
q′ e−
ǫ
2
(β(σ)2−β(σ)†2) ≡
√
q′S2(ǫ), q′ ≡ e−ǫ = 1/q , (4.4)
β(σ) → β(σ)(ǫ) = S2(ǫ)β(σ)S−12 (ǫ) = β(σ) cosh ǫ− β(σ) † sinh ǫ , (4.5)
and hermitian conjugates of Eqs. (4.3) and (4.4). For simplicity in Eqs.
(4.2)-(4.5) we dropped the σ index in the Si(ǫ), i = 1, 2 generators.
Si(ǫ), i = 1, 2 are SU(1, 1) group elements. The set of operators, {J (σ)− =
1
2
α(σ)2, J
(σ)
+ =
1
2
α(σ)† 2, J
(σ)
0 =
1
2
(α(σ)†α(σ) + 1
2
)} and {K(σ)− = 12β(σ)2, K(σ)+ =
1
2
β(σ)† 2, K
(σ)
0 =
1
2
(β(σ)†β(σ) + 1
2
)} close the ⊕(σ)su(1, 1)(σ) algebra, indeed.
The product of the q-deformed algebras (4.2) and (4.4) yields
∏
σ
[α(σ)q , αˆ
(σ)
q ][β
(σ)
q′ , βˆ
(σ)
q′ ] = e
ǫ
2
∑
σ
[(α(σ)2−α(σ)†2)−(β(σ)2−β(σ)†2)] . (4.6)
The formal relation between thermalization theorem and q-groups is estab-
lished by generalizing Eqs. (4.1)-(4.6) to infinite degrees of freedom.
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The Bogoliubov transformations (4.3) and (4.5) can be implemented for
any k, where k label the field degrees of freedom (i.e. momentum), as inner
automorphism for the algebra su(1, 1)(k,σ) [18]. To every value of the param-
eter ǫ corresponds a copy {α(σ)k (ǫ), α(σ) †k (ǫ), β(σ)k (ǫ), β(σ) †k (ǫ), σ = ±; |0(ǫ) >
∀ k} of the original algebra {α(σ)k , α(σ) †k , β(σ)k , β(σ) †k , σ = ±; |0M > ∀ k}; the
Bogoliubov generator can be thought of as the generator of the group of
automorphisms of ⊕(k,σ)su(1, 1)(k,σ) parameterized by ǫ. In this way, in the
limit of infinite degrees of freedom, relations (4.1) and (4.6) become (for a
n-dimensional space)
[α
(σ)
k , α
(σ′) †
k′ ] = [β
(σ)
k , β
(σ′) †
k′ ] = δσσ′ δ(k − k′) , σ, σ′ = ± , (4.7)
∏
k,σ
[α
(σ)
k,q , αˆ
(σ)
k,q ][β
(σ)
k,q′, βˆ
(σ)
k,q′]→ exp
[
1
2
V
(2π)n−1
∑
σ∫
dn−1p ǫ(p)[(α(σ)2p − α(σ)†2p )− (β(σ)2p − β(σ)†2p )]
]
≡ G(ǫ) . (4.8)
Note that for simplicity q and q′ denote qk and q
′
k.
In order to write the Bogoliubov generator G(ǫ) in (4.8) in a more conve-
nient form and to establish the connection with the results of Section 2, let
us write it in terms of the following independent operators d
(σ)
k , d¯
(−σ)
k˜
, related
to the operators α
(σ)
k , β
(σ)
k :
α
(σ)
k =
1√
2
(d
(σ)
k + d¯
(−σ)
k˜
), β
(σ)
k =
1√
2
(d
(σ)
k − d¯(−σ)k˜ ) . (4.9)
We recall that d
(σ)
k and d¯
(−σ)
k˜
are linear combinations of the Minkowski anni-
hilation operators alone (cf. Eq. (2.11)), annihilate the Minkowski vacuum
|0M > (cf. Eq. (2.12)) and satisfy the canonical commutation relations.
Moreover k = (ω˜, ~k) and k˜ = (ω˜,−~k). In terms of them, the Bogoliubov
generator (4.8) reads
G(ǫ) = exp
[
V
(2π)(n−1)
∑
σ
∫
dn−1p ǫ(p)[d(σ)p d¯
(−σ)
p˜ − d(σ) †p d¯(−σ) †p˜ ]
]
, (4.10)
where dn−1p = dω˜d~p, p = (ω˜, ~p) and p˜ = (ω˜,−~p). G(ǫ) is an unitary operator:
G−1(ǫ) = G(−ǫ) = G†(ǫ) and induces the following Bogoliubov transforma-
tions
d
(σ)
k → d(σ)k (ǫ) = G(ǫ)d(σ)k G−1(ǫ) = d(σ)k cosh ǫ(k) + d¯(−σ) †k˜ sinh ǫ(k) , (4.11)
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d¯
(−σ)†
k˜
→ d¯(−σ)†
k˜
(ǫ) = G(ǫ)d¯
(−σ)†
k˜
G−1(ǫ) = d
(σ)
k sinh ǫ(k) + d¯
(−σ) †
k˜
cosh ǫ(k) .
(4.12)
d
(σ)
k (ǫ) and d¯
(−σ)
k˜
(ǫ) satisfy for any ǫ the canonical commutation relations, i.e.
satisfy the same algebra of the operators d
(σ)
k and d¯
(−σ)
k˜
.
Transformations (4.11) and (4.12) are recognized to be the transforma-
tions (2.9) and (2.10) provided
d
(σ)
k (ǫ) ≡ b(σ)k , d¯(−σ)k˜ (ǫ) ≡ b¯
(−σ)
k˜
, (4.13)
sinh ǫ(k) =
(
1
e2πω˜/a − 1
)1/2
, (4.14)
with k = (ω˜, ~k). Eqs. (4.13) and (4.14) are the wanted result: they express
the relation between the deformation parameter qk = e
ǫ(k) and the acceler-
ated frame operators b
(σ)
k and b¯
(−σ)
k˜
(Eq. (4.13)), and the coefficient of the
Bogoliubov transformations (Eq. (4.14)) relating inertial and accelerated
frame operators (cfr. Eqs. (2.9) and (2.10)). Moreover, Eq. (4.14) shows
that the Rindler acceleration is related to the deformation parameter so that
we can write now qk,a = e
ǫ(ω˜,a), and the link between thermalization theorem
and q-WH algebra is thus established. Note that since, for a given ω˜, qk,a → 1
for a → 0, the Rindler acceleration a plays in fact the role of deformation
parameter.
In conclusion, our results may be summarized as follows.
The Hilbert space H of the basis vectors associated to the Minkowski
space (inertial frame) is build by repeated action of (d
(σ) †
k , d¯
(−σ) †
k˜
) on the
vacuum state |0M >. Bogoliubov transformations, Eqs. (4.11) and (4.12),
relate vectors of H to vectors of another Hilbert space labeled by ǫ = ǫ(ω˜, a),
Hǫ, for a fixed value of the acceleration a. The relation between these spaces
is established by the generator G(ǫ) that maps H in Hǫ, G(ǫ) : H → Hǫ (for
fixed a). In particular, for the vacuum state |0M > one has
|0(ǫ) >= G(ǫ) |0M > , (4.15)
where |0(ǫ) > is the vacuum state of the Hilbert space Hǫ associated to the
accelerated frame. In other words, |0(ǫ) >≡ |0R >.
By inverting Eq. (4.15) and using the Gaussian decomposition [16], the
vacuum state of the inertial frame can be written as
|0M >= Z exp
[∑
σ
∫
dω˜
∫
dn−2p tanh ǫ(ω˜, a)b(σ)†p b¯
(−σ)†
p˜
]
|0R > , (4.16)
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where tanh ǫ(ω˜, a) = e−πω˜/a and Z = exp[
∫
dω˜
∫
dn−2p ln cosh ǫ(ω˜, a)]. As
pointed out in Section 2, the relation between the two vacua, |0M > and
|0R >, follows by the ansatz |0M >= F (b, b¯)|0R >. In the q-groups ap-
proach such a relation, Eq. (4.16), is directly established by the Bogoliubov
generator, i.e. by Eq. (4.15).
The number of modes of type b
(σ)
k is given, for each fixed value of a, by
< 0M |b(σ)†k b(σ)k |0M >= sinh2 ǫ(ω˜, a) =
1
e2πω˜/a − 1 (4.17)
and similarly for the modes of type b¯
(−σ)
k˜
. Moreover, < 0(ǫ)|0(ǫ) >= 1, ∀ǫ.
We note that in the infinite-volume limit, we have
< 0(ǫ)|0M >→ 0 as V →∞, ∀ǫ , (4.18)
< 0(ǫ)|0(ǫ′) >→ 0 as V →∞, ∀ǫ, ǫ′, ǫ 6= ǫ′ , (4.19)
i.e., the Hilbert spaces H and Hǫ become orthogonal in the infinite volume
limit. In this limit, as ǫ evolves by varying the Rindler acceleration a, one
runs over a variety of infinitely many unitarily inequivalent representations
of the canonical commutation relations. ǫ′ in Eq. (4.19) corresponds to the
Rindler acceleration a′.
Because the quantum deformation parameter acts as a label for the uni-
tarily inequivalent representations in QFT [5], the mapping between different
(i.e. labeled by different values of q) representations being performed by the
Bogoliubov transformations, at finite V the Rindler accelerations may be
taken as a label for such unitarily inequivalent representations, as well.
5 Conclusions
In this paper, n-dimensional QFT developed for accelerated coordinates in
flat space-time and its thermal properties have been analyzed in terms of q-
groups. We have shown that the Bogoliubov generator relating the annihila-
tion and creation operators in the accelerated frame to the ones in the inertial
frame, can be expressed in terms of commutators of the q-WH algebra. Then,
quantum deformation parameter turns out to related to the Rindler accel-
eration, which acts as a label for the unitarily inequivalent representations
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of the canonical commutation relations. The link between thermalization
theorem and q-WH algebra thus emerges.
A possible application of these results to different space-time, for instance
to Schwarzschild space-time, is certainly of interest. In this case, the pro-
cedure of quantization of a free scalar field follows the same prescription of
the one in the Rindler manifold and the surface of gravity characterizing the
black hole plays the role of the Rindler acceleration. Then, one can conclude
that the deformation parameter is related to the surface of gravity.
As our analysis shows, quantum deformations are mathematical struc-
tures underlying the QFT in ”curved” space-time. This strongly suggests
a deep connection between q-groups and quantum gravity, and encouraging
results in this direction have been obtained in different contexts [10, 11].
However, much work is still needed to obtain a full understanding of this
subject.
Acknowledgments
The author thanks G. Scarpetta and G. Vitiello for fruitful discussions.
This work has been supported by Ministero dell’Universita´ e della Ricerca
Scientifica.
References
[1] S.W. Hawking, Commun. Math. Phys. 43 (1975), 199.
[2] P.C.W. Davies, J. of Phys. A8 (1975), 609.
[3] W.G. Unruh, Phys. Rev. D14 (1976), 870.
[4] S. Takagi, Progress of Theor. Phys. Suppl. 88 (1986).
[5] A. Iorio and G. Vitiello, in ”BANFF/Cap Workshop on Thermal Field
Theory” (F.C. Khanna et al. Eds), p.71, World Scientific Publ. Co.,
Singapore, 1994; Mod. Phys. Lett. B38 (1994), 269; Ann. of Phys. 241
(1995), 469.
[6] M. Martellini, P. Sodano and G. Vitiello, Il Nuovo Cimento 48A (1978),
341.
11
[7] S. Majid, Int. Journ. Mod. Phys. A5 (1990), 1.
[8] M. Chaichien, D. Ellinas and P. Kulish, Phys. Rev. Lett. 65 (1990), 980;
Z. Chang, Phys. Rev. A17 (1993), 5017; E. Celeghini, M. Rasetti and
G. Vitiello, Phys. Rev. Lett. 66 (1991), 2056.
[9] L.L. Chan and I. Yamanaka, Phys. Rev. Lett. 70 (1993), 1916.
[10] A. Kempf, G. Mangano and R.B. Mann, Phys. Rev. D52, (1995), 1108.
[11] M. Maggiore, Phys. Rev. D49 (1993), 5182; Phys. Lett. B319 (1993),
83.
[12] E. Celeghini, S. De Martino, S. De Siena, M. Rasetti and G. Vitiello,
Mod. Phys. Lett. B7 (1993), 1321; Ann. of Phys 241 (1995), 50.
[13] S.A. Fulling, Phys. Rev. D7 (1973), 2850.
[14] L.C. Biedenharn, J. Phys. A22 (1989), L873; A.J. Macfarlane, J. Phys.
A22 (1989), 4581.
[15] E. Celeghini, M. Rasetti and G. Vitiello, Ann. Phys. (N.Y.) 215 (1992),
156.
[16] A. Perelomov, ” Generalized Coherent States and Their Applications”,
Springer, Berlin, Heidelberg, 1986.
[17] L.C. Biedenharn and M.A. Lohe, Comm. Math. Phys. 146 (1992), 483;
T.H. Koornwinder, Nederl Acad. Wetensch. Proc. Ser. A92 (1989), 97;
D.I. Fivel, J.Phys. 24 (1991), 3575.
[18] A.I. Solomon, J. Math. Phys. 12 (1971), 390.
12
